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B&P File No 3153-195 /LMK 
ABSTRACT OF THE DISCLOSURE 

5 

The invention relates to methods for preventing or treating cardiomyopathy associated with 
diabetes mellitus and hyperglycemia by inhibiting core 2 GIcNAc-T, msthods for screening 
for substances that affect cardiomyopathy associated with diabetes mellitus and 
hyperglycemia; and methods and pharmaceutical compositions containing the substances 
10 for preventing or treating cardiomyopathy associated with diabetes mellitus and 
hyperglycemia. 
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B&PFile No 3153-195/LMK 
Hilt: Inhibitors f UDP-G)cNAt:GalBl-3GalNAcaR fll-6 N- 
atetylg)uco>a mi ny transferase (cot v * QcNAc-T) and Use of the Inhibitors to Prevent 
cr Treat Cardiomyopathy Associated with Diabetes 

5 

FIELD OF THE INVENTION 

The invention relates to methods for preventing or treating cardiomyopathy 
associated with diabetes roellitus and hyperglycemia by inhibiting UDP-GlcNAc GalOl- 
3GalNAc«R 01*6 N-acetylglucosaminyltransferase (core 2 GlcNAc-T), methods for 
10 screening for substances that affect cardiomyopathy associated with diabetes mellitus and 
hyperglycemia, and methods and pharmaceutical compositions containing the substances 
for preventing or treating cardiomyopathy associated with diabetes mellitus and 
hyperglycemia 

BACKGROUND OF THE IN VENT IO N 

15 Cardiovascular diseases are the major cause of morbidity and mortality in diabetic 

patients, involving cardiac tissues as well as large vessels in the brain, heart, and lower 
extremities (1) In the heart, the majority of the cardiac failure is probably due to 
atherosclerotic processes in the coronary vessels, but multiple studies have documented that 
a sizeable number of diabetic patients suffer from congestive heart failure without 

20 significant coronary disease (2, 3) In addition, type I diabetic patients with < 5 yr of 
disease have been reported to have abnormal cardiac function in the absence of significant 
coronary vessel disease (4) These clinical findings are supported further by animal studies 
documenting biochemical and functional changes in the cardiac tissue shortly after induction 
of diabetes (5-8) From these results, it has been postulated that diabetes mellitus and its 

25 metabolic sequelae can induce a specific form of cardiomyopathy (8, 9) 

As with other chronic complications of diabetes, the cardiovascular changes once 
established are difficult to reverse, both in clinical and experimental settings (10-12) Most 
cardiovascular abnormalities are metabolically induced with a great deal of interest directed 
towards identifying alterations in gene expression induced by diabetes or. hyperglycemia in 

30 the vasculature Since thickening of basement membrane is a classical finding in diabetes 
microvasculature (10), many of the studies concerning glucose-regulated genes have 
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primarily focused on changes in the basement matrix components using cultured vascular 
cells (13, 14) 

SUMMARY OF THE INVENTION 

The present inventors have shown a direct association between UDP-GIcNAc GalOl - 
5 3GalNAc»R 01-6 N-acetylglucosaminyltransferase (core 2 GlcNAc-T) and diabetic 
cardiovascular disease In particular, core 2 GlcNAc-T activity was increased by 82% in 
diabetic hearts versus controls, while the enzymes GlcNAc-Tl and GlcNAc*TV responsible 
for N-linked glycosylation were unchanged Tut results indicate that core 2 GlcNAc-T is 
specifically induced in the heart by diabetes or hyperglycemia 

10 Significantly, increased core 2 GlcNAc-T activity caused pathology in the heart of 

diabetic experimental animal models which is similar to that observed in the heart of 
diabetic patients after years with the condition In particular, a transgenic mouse was made 
with core 2 GlcNAc-T expression driven by a cardiac myosin promoter At 4 months, a 
marked hypertrophy of the left ventricle and general hypertrophy of the heart was observed 

15 The findings by the present inventors indicate that inhibiting core 2 GlcNAc-T can 

be useful in preventing or treating cardiomyopathy associated with diabetes and 
hyperglycemia It also permits the identification of substances which ?fTect core 2 GlcNAc- 
T and which may be used in the prevention and treatment of cardiomyopathy associated 
with diabetes and hyperglycemia 

20 Therefore, broadly stated the present invention relates to a method of preventing or 

treating cardiomyopathy associated with diabetes and hyperglycemia in a subject comprising 
reducing core 2 GlcNAc-T activity Levels of core 2 GlcNAc-T activity may be reduced by 
administering a substance which inhibits core 2 GlcNAc-T activity Substances which 
inhibit core 2 GlcNAc-T activity include known inhibitors of core 2 GlcNAc-T activity, 

25 inhibitors identified using the methods described herein, and antisense sequences of a 
nucleic acid sequence encoding core 2 GlcNAc-T activity 

The invention also relates to a method for screening for a substance that may be used 
to prevent or treat cardiomyopathy associated with diabetes and hyperglycemia In an 
embodiment of the invention, a Method of screening for a substance for use in preventing 

30 or treating cardiomyopathy associated with diabetes and hyperglycemia is provided 
comprising assaying for a substance that inhibits core 2 GlcNAc-T activity A substance 
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that inhibits core 2 GlcNAc-T activity may be identified by reacting core 2 GIcNAc-T with 
an acceptor substrate and a suga; nucleotide donor in the presence of a substance suspected 
of inhibiting co* * 2 GlcNAc-T, under conditions whereby the core 2 GlcNAc-T produces 
a reaction produce determining the amount of reaction product, and comparing the amount 
5 of reaction product to an amount obtained for a control in the absence of the substance, 
wherein lower amounts of reaction product with the substance indicate that the substance 
inhibits core 2 GlcNAc-T 

Substances which inhibit core 2 GlcNAc-T may also be identified using the 
methods of the Invention by comparing the pattern and level of expression of core 2 
10 GlcNAc-T in tissues and cells in the presence, and in the absence of the substance 

Substances which inhibit core 2 GlcNAc-T may also be assayed by treating a cell 
which expresses core 2 GlcNAc-T with a substance which is suspected of inhibiting core 
2 GlcNAc-T activity, and assaying for Gaif?I-3[GlcNAc0l-6]GalNAc*- associated with 
the cell 

15 Substances which inhibit transcription or translation of the gene encoding core 2 

GlcNAc-T may be identified by transfecting a cell with an expression vector comprising a 
recombinant molecule containing a nucleic acid sequence encoding core 2 GlcNAc-T, the 
necessary elements for the transcription and/or translation of the nucleic acid sequence and 
a reporter gene, in the presence of a substance suspected of inhibiting transcription or 

20 translation of the gene encoding core 2 GlcNAc-T activity, and comparing the level of 
expiession of core 2 GlcNAc-T or the expression of the protein encoded by the reporter 
gene with a control cell transfected with the nucleic acid molecule in the absence of the 
substance The method can be used to identify transcription and translation inhibitors of the 
gene encoding core 2 GlcNAc-T. 

25 The substances identified using the method of the invention may be used to prevent 

or treat cardiomyopathy associated with diabetes and hyperglycemia Accordingly, the 
substances may be formulated into pharmaceutical compositions for adminstration to 
individuals suffering from this condition 

Other objects, features and advantages of the present invention will become apparent 

30 from the following detailed description It should be understood, however, that the detailed 
description and the specific examples while indicating preferred embodiments of the 
invention are given by way of illustration only, since various changes and modifications 
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within the spirit and scope of the invention will become apparent to those skilled in the art 

from this detailed description 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in relation to the drawings in which: 
5 Figure 1 are blots of differential expressed cDNA fragments (A) and Northern blot 

analysis (B and C) showing differentia! expression in control (C) and diabetic heart (D) of 
the cDNA fragments identified in Panel A; 

Figure 2 shows the quantitation of changes induced by diabetes in raRNA levels for 
DH1 and clone 13 in heart and aorta, 
10 Figure 3 shows the nucleotide and deduced amino acid sequence of DH 1 identifying 

the sequence as core 2 GlcNAc-T, 

Figure 4 is a Northern blot analysis for DH1 expression performed using 25 Mg total 
cellular RNA isolated from age-matched non-obese diabetic (NOD) control mice (C) and 
diabetic NOD mice(D); 
15 Figure 5 is a Northern blot analysis for DH1 expression using 25 ^g total cellular 

RNA isolated from heart of control rat (C) and 2 week diabetic rat without insulin treatment 
(D) or with insulin treatment for 1 week (D +1); 

Figure 6 (A) is a Northern blot analysis using 20 **g total RNA isolated from aorta, 
brain, heart, kidney, liver, solcus muscle, and lung of control (C) and 2 wr^k diabetic (D) 
20 rats, and the same blot reprobed with 36B4 cDNA as a control, and Panel (B) is a bar graph 
showing the quantitative changes in DH1 levels induced by diabetes in aorta, brain, heart, 
kidney, liver, lung, and skeletal muscle, 

Figure 7 (A) is a blot of total cellular RNA from cultured cardiomyocytes (lanes 1- 
3), fibroblasts (lane 4),and rat aortic smooth muscle cells (lane 5). probed with DH1, and 
25 Panel (B) is a graph showing the quantitation of changes induced by 22 mM glucose or 1 00 
nM inralin for DH1 expression in cultured cardiomyocytes; 

Figure 8 are graphs showing core GlcNAc-T, GlcNAc-Tl, and GlcN Ac-TV 
activities in the heart of control (closed column) and two week diabetic rats , and 

Figure 9 shows the nucleotide and amino acid sequence of human core 2 GlcNAc-T 
30 DETAILED DESCRIPTION QF THE INVENTION 

As discussed above, the present invention relates to a method of preventing or 
treating cardiomyopathy associated with diabetes and hyperglycemia comprising reducing 
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core 2 GlcNAc-T activity. Levels of core 2 GlcNAc-T activity may be reduced by 
administering a substance which inhibits core 2 G!cNAc-T activity, or inhibits transcription 
or translation of the gene encoding core 2 GlcNAc-T 

Substances which inhibit core 2 GlcNAc-T activity include known inhibitors of core 
5 2 GlcNAc-T Examples of inhibitors of core 2 GlcNAc-T include an analog of the acceptor 
substrate for core 2 GlcNAc-T such as GalBl-3GalNAca Inhibitors of enzymes earlier on 
in the Golgi oligosaccharide processing pathway may also be used to inhibit core 2 GlcNAc- 
T derived product, for example UDP-Gal GalNAcoRpl-3 galactosyl transferase or UDP- 
GalNAcSer/thr «N-acetylgaIactosyltransferase. 

10 Recombinant molecules containing the nucleic acid sequence of core 2 GlcNAc-T 

in antisense orientation may be used to inhibit core 2 GlcNAc-T activity The nucleic acid 
sequence shown in Figure 9 (see also GenBank Accession Nos L41415, U41320, and 
U 19265 ), or parts thereof, may be inverted relative to their normal presentation for 
transcription to produce antisense nucleic acid molecules The antisense nucleic acid 

15 molecules may be contracted using chemical synthesis and enzymatic ligation reactions 
using procedures known in the art. The antisense nucleic acid molecules or a pan thereof, 
may be chemically synthesized using naturally occurring nucleotides or variously modified 
nucleotides designed to increase the biological stability of the molecules, or to increase Ac 
physical stability of the duplex formed with mRNA or the native gene e g phosphorothiate 

20 derivatives and acridme substituted nucleotides The antisense sequences may be produced 
biologically using an expression vector introduced into cells in the form of a recombinant 
plasmid, phagemid, or attenuated vims in which antisense sequences are produced under the 
control of a high efficiency regulatory region, the activity of which may be determined by 
the cell type into which the vector is introduced 

25 The invention also provides methods for screening for a substance that may be used 

to prevent or treat cardiomyopathy associated with diabetes and hyperglycemia In an 
embodiment of the invention, a method of screening for a substance for use in preventing 
or treating cardiomyopathy associated with diabetes ind hyperglycemia is provided 
comprising assaying for a substance that inhibits core 2 GlcNAc-T activity. A substance 

30 that inhibits core 2 GlcNAc-T activity may be identified by reacting core 2 GlcNAc-T with 
an acceptor substrate and a sugar nucleotide donor in the presence of a substance suspected 
of inhibiting core 2 GlcNAc-T, under conditions whereby the core 2 GlcNAc-T transfers 



BNSDOCID. <CA_ 2186987A7 J„> 



2186987 

-6- 

the sugar nucleotide donor to the acceptor substrate to produce a reaction product, 
determining the amount of reaction product, and comparing the amount of reaction product 
to an amount obtained for a control in the absence of the substance, wherein lower amounts 
of reaction product with the substance indicate that the substance inhibits core 2 GlcNAc-T 
5 The acceptor substrate may be an oligosaccharide, a glycopeptide, or a glycoprotein 

having the following minimal structure for the oligosaccharide portion GalBl-3GaINAcs-R 
where R is any convenient group « linked covalentJy to the 1 position of the GalNAc 
residue of the acceptor, for example p-nitrophenol, or octyl. The sugar nucleotide donor 
is uridine diphospho-N-acetylglucosamine (UDP-GlcNAc) which can be labelled in the 

10 GlcNAc poition with radioactive groups or other nonradioactive groups which can be used 
for product detection The concentration of the acceptor substrate and of the labelled UDP- 
GlcNAc in the reaction may range from 0.01 mM to lOmM and the duration of the reaction 
from 5 minutes to 24 hours. 

Conditions are selected so that the core 2 GlcNAc-T transfers the sugar nucleotide 

15 donor to the acceptor substrate to produce a reaction product The substrate and sugar donor 
are effective to interact with the core 2 GlcNAc-T within wide pH and temperature ranges, 
for example from about 5 to 8 and from about 30 to 45°C, preferably from 37°C. 

The core 2 GlcNAc-T may be obtained from commercial source* , or prepared by 
expression of the gene encoding core 2 GlcNAc-T in host cells (for example, transfected 

20 CHO cells) A substance that inhibits core 2 G!cNAc-T activity may also be identified by 
treating a cell which expresses core 2 GlcNAc-T with a substance which is suspected of 
affecting core 2 GlcNAc-T activity, and assaying for GalBl-3[GalNAcBl-6]GalNAca 
associated with the cell. Gal0I-3[GaINAcQl-6]GaJNAa can be measured using a substance 
that binds to the oligosaccharide product either alone or in association with an attached 

25 glycoprotein. For example, cells expressing core 2 GlcNAc-T may be treated with a 
substance suspected of inhibiting core 2 GlcNAc-T activity An antibody specific for the 
oligosaccharide product can be added and the amount of an a body binding can be compared 
to control cells which have not been treated with the substance and/or which do not express 
core 2 GlcNAc-T. Antibodies specific for core 2 GlcNAc-T may be obtained from 

30 commercial sources, for example 1B1 1 rat anti-mouse CD43 activation-associated isoform 
monoclonal antibody supplied by Phanningen Inc. 
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Substances which inhibit core 2 GlcNAc-T include substances which inhibit 
transcription or translation of the gene encoding core 2 GlcNAc-T Transcription inhibitors 
may be identified by transfecting a host cell with a recombinant molecule comprising a 
nucleic acid sequence encoding core 2 GlcNAc-T, the necessary elements for the 
5 transcription of the nucleic acid sequence, and a reporter gene, in the presence of a 
substance suspected of inhibiting transcription of the gene encoding core 2 GlcNAc-T, and 
comparing the level of mRNA or expression of the protein encoded by the reporter gene 
with a control cell transfected with the nucleic acid molecule in the absence of the 
substance Translation inhibitors may be identified by transfecting a host cell with a 

10 recombinant molecule comprising a nucleic acid sequence encoding core 2 GlcNAc-T, the 
necessary elements for the transcription and translation of the nucleic acid sequence, and 
a reporter gene, in the presence of a substance suspected of inhibiting translation of the gene 
encoding core 2 GlcNAc-T, and comparing the level of expression of core 2 GlcNAc-T with 
a control cell transfected with the nucleic acid molecule in the absence of the substance 

15 A recombinant molecule comprising a nucleic acid sequence encoding core 2 

GlcNAc-T may be constructed having regard to the sequence of the core 2 GlcNAc-T gene 
(see Figure 9) using chemical synthesis and enzymatic ligation reactions following 
procedures known in the art. 

Suitable transcription and translation elements may be derived from a variety of 

20 sources, including bacterial, fungal, viral, mammalian, or insect genes. Selection of 
appropriate transcription and translation elements is dependent on the host cell chosen, and 
may be readily accomplished by one of ordinary skill in the art Examples of such elements 
include: a transcriptional promoter and enhancer, an RNA polymerase binding sequence, 
a ri bosom al binding sequence, including a translation initiation signal Additionally, 

25 depending on the host cell chosen and the vector employed, other genetic elements, such as 
an origin of replication, additional DNA restriction sites, enhancers, and sequences 
conferring inducibility of transcription may be incorporated into the expression vector. It 
will also be appreciated that the necessary transcription and translation elements may be 
supplied by the native gene and/or its flanking sequences. 

30 Examples of reporter genes are genes encoding a protein such as 6-galactosidase 

(e g lac Z), chloramphenicol, acetyl -transferase, firefly luciferase, or an immunoglobulin 
or portion thereof such as the Fc portion of an immunoglobulin preferably IgG 
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Transcription of the reporter gene is monitored by changes in the concentration of the 
reporter protein such as Q-gatactosidase, chloramphenicol acetyltransferase, or Firefly 
luciferase This makes it possible to visualize and assay for expression of recombinant 
molecules to determine the effect of a substance on expression of the core 2 GlcNAc-T 
5 gene 

Mammalian cells suitable for carrying out the present invention include, for 
example, COS (e g , ATCC No CRL 1650 or 1651), BHK (e g ., ATCC No CRL 6281), 
CHO (ATCC No CCL 61), HeLa (e g , ATCC No CCL 2), and 293 (ATCC No 1573) 
Suitable expression vectors for directing expression in mammalian cells generally include 
10 a promoter Common promoters include SV40, MMTV, metallothionein-I, adenovirus Ela, 
CMV, immediate early, immunoglobulin heavy chain promoter and enhancer, and RSV- 
LTR 

Protocols for the transfection of mammalian cells are well known in the art and 
include calcium phosphate mediated electroporation, retroviral, and protoplast fusion- 

15 mediated transfection (see Sambrook et al , Molecular Cloning A Laboratory Manual, 2nd 
edition, Cold Spring Harbor Laboratory Press, 1989) 

The reagents suitable for applying the methods of the invention to identify 
substances that may be used to prevent or treat cardiomyopathy associated with diabetes and 
hyperglycemia may be packaged into convenient kits providing the necessary materials 

20 packaged into suitable containers The kits may also include suitable supports useful in 
performing the methods of the invention 

Substances which inhibit core 2 GlcNAc-T activity may be incorporated into 
pharmaceutical compositions Therefore, the invention also relates to a pharmaceutical 
composition comprising an inhibitor of core 2 GlcNAc-T activity and in particular a 

25 substance identified using the methods described herein The pharmaceutical compositions 
of the invention contain *ht substance, alone or together with other active substances 

The substances identified using the method of the invention may be formulated into 
pharmaceutical compositions for a&nii oration to subjects in a biologically compatible form 
suitable for administration in vivo. By "biologically compatible form suitable for 

30 administration in vrvo" is meant a form of the substance to be administered in which any 
toxic effects are outweighed by the therapeutic effects. The substances may be administered 
to living organisms including humans, and animals. Administration of a therapeutically 



BNSDOCID: <CA 21B6987A1 I > 



2186987 

-9- 

active amount of the pharmaceutical compositions of the present invention is defined as an 
amount effective, at dosages and for periods of time necessary to achieve the desired result 
For example, a therapeutically active amount of a substance may vary according to factors 
such as the disease state, age, sex, and weight of the individual Dosage regima may be 
5 adjusted to provide the optimum therapeutic response For example, several divided doses 
may be administered daily or the dose may be proportionally reduced as indicated by the 
exigencies of the therapeutic situation 

The active substance may be administered in a convenient manner such as by 
injection (subcutaneous, intravenous, etc ), oral administration, inhalation, transdermal 

10 application, or rectal administration Depending on the route of administration, the active 
substance may be coated in a material to protect the compound from the action of enzymes, 
acids and other natural conditions which may inactivate the compound 

The compositions described herein can be prepared by BfiCSfi known methods for 
the preparation of pharmaceutically acceptable compositions which can be administered to 

15 subjects, such that an effective quantity of the active substance is combined in a mixture 
with a pharmaceutically acceptable vehicle Suitable vehicles are described, for example, 
in Remington's Pharmaceutical Sciences (Remington's Pharmaceutical Sciences, Mack 
Publishing Company, Easton, Pa., USA 1985) On this basis, the compositions include, 
albeit not exclusively, solutions of the substances in association with one or more 

20 pharmaceutically acceptable vehicles or diluents, and contained in buffered solutions with 
a suitable pH and isoosroctic with the physiological fluids. 

Recombinant molecules comprising an antisense sequence may be directly 
introduced into cells or tissues in vivo using delivery vehicles such as retroviral vectors, 
adenoviral vectors and DNA virus vectors They may also be introduced into cells in vivo 

25 using physical techniques such as microinjection and electroporation or chemical methods 
such as coprecipitation and incorporation of DNA into liposomes Recombinant molecules 
may also be delivered in the form of an aerosol or by lavage Recombinant molecules 
comprising an antisense sequence may also be applied extracellularly such as by direct 
injection into cells. 

30 Inhibitors of core 2 GlcNAc-T and pharmaceutical compositions containing the 

inhibitors have pharmaceutical utility in the prevention and treatment of cardiomyopathy 
associated with diabetes mellitus and hyperglycemia The utility of the inhibitors of core 
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2 GlcNAc-T and compositions of the invention may be confirmed in animal experimental 
model systems. 

The present invention also contemplates a transgenic non-hmnan animal all of whose 
germ cells and somatic cells contain a DNA construct introduced into the animal, or an 
5 ancestor of the animal at an embryonic stage, the DNA construct when incorporated inio the 
germ line of the animal being adapted to develop cardiomyopathy similar to that associated 
with diabetes mellitus and hyperglycemia The transgenic animal of the invention is 
therefore highly suited for investigating the molecular and cellular events involved in 
cardiomyopathy associated with diabetes mellitus and hyperglycemia, and for in vivo 
10 testing of the efficacy of drugs in the prevention or treatment of cardiomyopathy associated 
with diabetes mellitus and hyperglycemia. 

In accordance with one embodiment of the invention, the transgenic non-human 
animal contains a DNA construct comprising a gene encoding core 2 GlcNAc-T In 
accordance with a preferred embodiment of the invention^ the transgenic non-human animal 
15 contains a DNA construct comprising a gene encoding core 2 GlcNAc-T and a promoter 
which stimulates expression of the gene in the cardiovascular system Suitable promoters 
include the cardiac myosin promoter. 

The animals of the invention may be used to test substances for their efficacy in 
preventing or treating cardiomyopathy associated with diabetes mellitus and 
20 hyperglycemia* When an animal is treated with the substance to be tested and a reduced 
incidence of cardiomyopathy compared to untreated animals is observed, it is an inw cation 
of the efficacy of the substance in the prevention or treatment of cardiomyopathy associated 
with diabetes mellitus and hyperglycemia 

The following non-limiting examples are illustrative of the present invention 
25 Examples 
' Example 1 

The following materials and methods were used in the Example: 
Animals. Male Sprague-Dawley rats (Taconic Farms, Inc. German Town, NY) weighing 
180-200 grams were injected by the intraperitoneal route with STZ (80 mg/kg of body 
30 weight). STZ was dissolved in 20mM cirate buffer (pH 4 5) immediately before use 
Cardiac tissue from spontaneous autoimmune-caused diabetic nonobese diabetic (NOD) 
mice and their central Uttermates were graciously provided by Dr Masakazu Hanori of the 



BNSDOCID;<CA 21869B7A1 I > 



2186987 



- 11 - 

Joslin Diabetes Cancer (Boston, MA) (19) Onset of diabetes was determined by the 
detection of urinary glucose and confirmed by blood glucose levels Insulin pellets 
(Linshin, Scarborough, Canada) were implanted subcutaneously 1 wk after STZ injection 
in four STZ-diabetic rats for another week to normalize blood glucose level The mean 

5 plasma blood glucose level in insulin-treated STZ-diabetic rats was not significantly 
different from control animals (4 8+0 5 vs 5 6+0.7 mM), while, the mean body weight in 
the insulin-treated STZ-diabetic rats remained significantly less than control (270+J7 vs 
326+17 grams respectively. P < 0.01) but significantly greater than diabetic rats without 
insulin treatment (210+33 grams), (P <0 0!) 

10 mRNA differential display. Rats were killed 2 wk arte; onset of diabetes Cardiac ventricles 
and thoracic aorta were dissected and washed with ice-cold PBS, tmmediatley frozen in 
liquid N z then crushed into frozen powder Pieces of aorta from three rats were combined 
into one sample Total RNA was extracted using Ultraspec RNA isolation system (Biotecx 
Laboratories, Hourton, TX) mRNA differential display was performed as previously 

15 reported (17, 18) Briefly, DNA-free RNA was obtained by treatment with DNase I 
(GIBCO BRL, Grand Island, NY) in the presence of placental RNase inhibitor (GIBCO 
BRL) for 30 min at 37*t After phenol/chloroform extraction and ethanol precipitation, two 
reverse transcriptions were performed for each RNA sample using 0 2 ^g DNA-free total 
RNA in IX reverse transcription buffer (PCR buffer) containing 10 mM DTT, 20 each 

20 of dGTP, dATP, dTTP, and dCTP, and 1 of either T l2 NG or T l2 NC oligonucleotide 
(Midland Certified Reagent Co , Midland, TX) where N is threefold degenerate for G, A, 
and C. The solution was heated at 65°C for 5 min and cooled to 37°C, then superscript 
reverse transcriptase (20 U) (GIBCO BRL) was added for 1 h PCR was performed in 
reaction mixtures containing 0 1 vol of reverse transcription reaction mixture, IX PCR 

25 buffer, 2*M each of dGTP, dATP, dTTP, and dCTP, 10 *Ci [«-"S]-dATl\ 1 ^M of the 
respective T, 3 NX oligonucleotide, 0.2 mM of 20 different specific arbitrary 10-mer 
oligonucleotides (OP-ERON Technologies Inc., Almeda, CA) and 10 U of AmpliTaq DNA 
polymerase (Perkin-Elmer Cetus Corp Norwalk, CT) The. PCR reactions were initiated 
at 95°C for 1 min, amplified 40 cycles at 94°C for 45 s, 40°C for 90 s, 72°C for 30 s, and 

30 finished at 72°C for 15 min DNA sequencing stop buffer (U.S. Biochemical, Inc , 
Cleveland, OH) was added to samples which were heated at 80°C for 2 min before loading 
on a 6% polyacrylamide sequencing gel (National Diagnostics, Atlanta, GA) After 
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electrophoresis, the gels were exposed 10 XAR-5 film (Eastman Kodak Co , Rochester NY) 
for 48 h Bands evident under one glycemic condition and absent in the other were 
identified and the PCR repeated to confirm the findings 

Band recovery and Northern hlt>t analysis Bands reproducibly exhibiting significant 
5 differences in expression were cut out and DNA was eluted by boiling in 10 mM Tris HCI 
and ImM EDTA solution for 30 mm After cthanol precipitation, the DNA was reamphfied 
Hy PCR using appropriate primers and conditions described above except for dNTP 
concentrations of 20 and no radioisotope Products were visualized on 2% agarose gel>, 
eluted, and used as probes for Northern blot analysts or subcloned Total RNA (20-25 ^g) 

10 was fractionated by denaturing 1% formaldehyde agarose gel electrophoresis and transferred 
to Biotrans nylon membrane (ICN, Irvine, CA) "P-labeled probes prepared by random 
priming using a commercially available kit (Amersharr Corp , Arlington Heights. IL) were 
hybridized to UV cross-linked blots in 0 I M Pipes. 02 M NaP0 4 . 0 1 M NaCl. ! mM 
EDTA, 5% SDS, and 60 ^ml salmon spei^ ONA at 65"C and washed ir 0 5 x SSC 5*o 

15 SDS at 65°C for over 1 h mRNA expression was quantified using a phosphorlmager and 
standardized volume integration with the accompanying ImageQuant Analyzing Software 
version 3 3 (Molecular Dynamics, Sunnyvale, CA) and loading differences were normalized 
using 36B4 as standard cDNA probe (17, 18) 

DNA sequencing Samples showing significant changes by Northern blot analysts were 
20 subcloned using the TA Cloning Kit (Invitrogen Corp . San Diego, CA) After the 
subcloned inserts were checked by Northern blot analysis. DNA sequencing was performed 
using commercially available Sequenase version 2 0 kit (U S Biochemical, Inc ) Gene 
database searches were performed at the National Center for Biotechno'-^gy Information 
(NCBI) using the BLAST network service 
25 Construction of the {Babetic heart cDNA library Poly( A) ♦ RNA was isolated from the 
total cellular RNA extracted from bean of diabetic rats using an oligo-dT cellulose column 
(Pharmacia LKB Biotechnology Ptscataway, NJ) as previously described ( 1 7) cDN A uas 
prepared and ligated into the EcoRJ sites of Lambda gt 10 (Stratagene. Inc . La Jolla, C A) 
. by standard methods (20) After packaging the DNA, Escherichia colt (C600) was infected 
30 with the phage and plated on a PI SO plate yielding about S x 10* independent plaque- 
forming units Plaques were lifted onto nitrocellulose (Schleicher & Schucll. Inc . Keene. 
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NH) and cross-linked to the membrane by ultraviolet light 20 PI 50 plates were screened, 
which provided 1 x 10* plaque forming units for screening 

Screening the cDS'A library A 214-bp cDNA (DH1) probe obtained from differential 
display was hybridized to the cDNA library by standard methods at 44°C then washed at 
5 56°C (21) After screening 1 x 10* plaque-forming units, a positive cDNA insert wus 
isolated and subclooed into pBluescript (Stratagene, Inc ) For sequencing, the inserts were 
restricted using BamHI and ExoRl and subcloned into pBluescript 

cDSA cloning of *ouse UDP-GlcNAc Galfil-3GalfNAc-R fil-6 S- 
ocetyiglucosaminy {transferase (core 2 GLNAc-T) Approximately 2 x JO 5 colonies of a 

10 cDNA library preapred in pCDMS (Invitrogen Corp ) using poly A + RNA from D33W25. 
a murine lymphoid tumor cell line (22). were screened by colony hybridisation (23) to a 
864-bp EcoRJ-BamHl subclooed fragment of human core 2 GlcNAc-T isolated by PCR 
(gift of Dr A Datti, Perugia, Italy) corresponding to amino acids 85-372 of the human 
enzyme Hybridization was performed ov ernight at 65*0 in 500 mM sodium phosphate pH 

15 7 2, 7% SDS, 1% BSA, ImM EDTA After rinsing, fihm were washed M 65°C in 100 mM 
sodium phosphate, 0 1% SDS After three rounds of hybridization and p'n ification, two 
clones, designated C2-251 and C2-352, were isolated and gave specific and strongly 
positive signals on Southern blots hybridized with the probe The cDNA inserts were 
subclooed as XboJ fragments into Sail cut pGEM5rf(*) (Promega Corp f Madison, WI) and 

20 a scries of exonudease Dl-mung bean nuclease (GIBCO BRL) - nested deletions generated 
from each end DNA sequencing was performed using the Autoread sequencing kit and the 
ALF DNA sequencer according to the manufacturer's instructions (Pharmacia LKB 
Biotechnology) Some sequences were also generated using interna] primers Data were 
analyzed and edited using the IWGCG suite 

25 Trtvtsient expression of DH1 in Cos ~ cells A cDNA insert containing the full open reading 
frame of DHl was isolated with Xhol and EcoRV and subcloned into pcDNAI/amp 
(lnvhrogen Corp ) The plasmid was purified by double CsC 1 ultracentrifugatjon followed 
by pbenol/chlorofonn extraction (21), then DNA (0 5 Mg) was transfected into conconfluent 
Cos 7 cells cultured on PI00 dishes using 20 *g of Lipofectin for 16 b at 37°C (GIBCO 

30 BRL) (24) Cells were harvested 48 b late* and used for measurement of core 2 GlcNAC 
transferase activity 
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Preparation of cardiomyocytes Cardiomyocytes were prepared by collagen ase digestion 
as described before (25) Briefly, hearts were excised and perfused through the aorta with 
Krebs-Henseleit bicarbonate buffer containing 5 5 mM glucose and 2 5 raM calcium The 
perfused medium was switched to the same buffer without calcium to stop contraction, 
5 followed by a final perfusion with Krebs-Henseleit buffer containing 50 mM calcium, 0 1 % 
BSA, 312 U/ml hyaluronidase (Worthington, Freehold, NJ) and 0 1% collagenese 
(Worthington) Ventricular tissue was dissociated by shaking in Krebs-Henseleit buffer 
containing 50 *iM calcium, 0 2% BSA, 3 12 U/ml byafurooidase, and 0 1% collagenase The 
cells were allowed to settle under gravity and were washed twice in the Krebs-Henseleit 

10 buffer containing 1 00 calcium and 0 5% BSA before resus pension in minimal essential 
medium containing Earie's sahs, 26 mM sodium bicarbonate, 5mM creatine, 20mM Hepes, 
100 U/ml penicillin G, 100 u$Jm\ streptomycin, and 18 mM calcium The cells were 
seeded onto lam inin -coated dishes and maintained in a 37°C humidified 0.5% air- 5% CO : 
incubator All cells were allowed to equilibrate for 2 h then washed and refed with the same 

15 media containing 0 24 gram % BSA and cultured for 3 d with the media changed daily. 
Some cells were cultured in the same media containing either 22mM glucose or 10* 7 M 
insulin for 3 d with daily changes of media 

Measurement of core 2GlcNAc-T activity Transfected Cos-7 cells were washed in PBS, 
frozen, thawed, and lysed in 0 9% NaCl, 04 % Triton X-100 at 0°C PBS-rinsed, fresh 

20 frozen rat hearts were rinsed again in PBS and homogenized using a polytron in 0 9% 
NaCl, 0 4% Triton X-100, 0 1 mM PMSF, 0 1% Trasylol at 0°C The core 2 GkNAc 
transferase reactions contained 50mM 2-( 4 V-morpholino) «thanesulfonic arid (MES) pH 7 0, 
1 mM UDP-dcNAc, 0 5 fxCi UDP-6[ , H]-A r -acety I glucosamine (16,000 dpm/nmol. New 
England Nuclear, Boston, MA), 0.1 MGkNAc, ImM of GalflI-3GalNAc-^-pNp (Toronto 

25 Research Chemicals, Toronto, Canada) as substrate, and 16 /J of cell lysate (8-12 mg/ml of 
protein) for a final volume of 32 m1 (26, 27) The GlcNAc-TV reactions were the same 
except that Triton X-100 was added to a final concentration of 1%, and I mM of 
CHcNAcfl 1 -2Man- 1 -OManfl 1 -0(CH^OOCH, (Dr O Hindsgaul, Univenity of Alberta, 
Edmonton Canada, was used as acceptor (28) The dcNAcTI reactions were the same as 

30 GlcNAc-TV but with the addition of 10 mM MnCt 2 , and 1 mM Man* 1-3 (Man* 1-6) 
Manfil -OCCH2V COOCH, was used as acceptor (29) Reactions were incubated for either 
1 or 2 h at 37*C, then diluted to 5 ml in H 2 0 and appUed to a C, 9 Sep-Pak (Millipore Corp , 
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Bedford, NA) in H 2 0, washed with 20 ml H 2 0 The products were eluted with 5 ml of 
methanol and radioactivity was counted in a liquid scintillation f-counter Endogenous 
enzymatic activity was measured in the absence of acceptor and subtracted from values 
determined in the presence of added acceptor 
5 Statistical analysis Differences in signal intensity between controls and diabetic animals 
were expressed as percentage of controls Because percentages tends to deviate from 
normal distribution, mean and standard error were calculated after transformation of data 
to logarithmic values and data were expressed as mean (+SE range) Statistical analysis 
(Student's / test) was performed using the logarithmic values 
10 RESULTS 

Differential display. The expression of mRNA species derived from the cardia; ventricles 
of diabetic and control rats was compared using mRNA differential display Approximately 
2.000, presumably different, mRNA species were screened in this study using 40 
combinations of primer sets As exemplified by Figure 1 (A), eight candidates appeared 
15 differentially expressed when ventricular tissue from control and diabetic rats was 
compared, five increased and three decreased their expression in the diabetic state These 
changes were confirmed by repetition at least twice using different preparations of total 
RNA 

Northern blot analysis Signals from all the candidates were detectable by Northern blot 
20 analysis using total RNA preparations As shown in Figure I (B), two of the eight candidate 
species showed significant and reproducible changes in diabetic rats compared to controls 
Figure 2 demonstrates that in rats diabetic for 2 wk, the level of DH1 (5 0 kb) increased to 
680% (580-790%, n - 8, P<0 00\) of control in the heart but was not detectable in the 
aorta. Furthermore, in rats with diabetes for just 1 wk, the mRNA level of DH 1 in the heart 
25 had already signhlcantiy increased to 41 0% of control levels A significant increase of DH1 
in the bean of diabetic rats was observed even after 4 wk of disease The expression of 
clone 13 mRNA increased to 350% (260-470%, n = 3, P<0 05) of control in the heart and 
decreased to 43% (38-49%, /f=3, P<0 05) of control in the aorta 

Sequence amlysis o/DHl and clone 13. The nucleotide sequences of cDNA fragments of 
30 DH1 and clone 13 derived from differential display were determined Both had flanking 
primer sequences identical to those used in the differential display Searching the national 
gene databases (GcoBank/EMBL) revealed that clone 1 3 had 99*/. identity to the Wistar rat 
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mitocbondrial 16S ribosomal (30) while DH I, which was 214 bp in size, did not reveal any 
homology to previously reported sequences 

Cloning of full-length DHl cDNA To facilitate identification, a cDNA library derived from 
diabetic rat heart mRNA was screened using the 214-bp-cloned DH1 PCR fragment as a 
5 probe Five overlapping recombinants were identified and the composite of the fall cDNA 
sequence was determined (Figure 3 (A)) It contained 5,010 bp inclusive of poly A tail and 
corresponded to the size detected by the original Northern blot analysis Open reading 
frame analysis showed that the longest possible coding region which was from position S02 
to 2085 and encoded 428 amino acids The GXXATGC pattern was observed flanking the 

10 region of the presumptive start codon (3 1) and a polyadenylation signal, AATAAA, was 
found 15 bp upstream from the polyA tail Searches for homologous sequences in 
Genbanlc/EMBL revealed that this cDNA shared 80% identity at the nucleotide level and 
85% identity at the amino acid level with human core 2 (GlcNAc-T) (32) The mouse core 
2 GkNAc-T was also cloned and sequenced and it was found that DH1 shared 92% identity 

15 with the amino acid sequence of mouse core 2 GlcNAc-T (Figure 3 (Bj) These findings 
strongly suggested that DH1 was rat core 2 GlcNAc-T 

Characterization of DH1 expression in the NOD mouse. To check that increased expression 
of DHl was diabetes specific and not due to other effects of streptozotocin, DH 1 expression 
in the hearts of spontaneous autoimmune-caused diabetic NOD mice was measured As 
20 shown in Figure 4, DHl hybridizing signals were detected by Northern blot analysis at 6 0, 
4 6, and 1 9 kb from animals which had experienced 2-3 wk of hyperglycemia and diabetes 
The 4 6 and 6 0 kb bands in hearts from diabetic NOD mice increased to 560% of conuol 
animals. 

Effects of insulin on DHl expression in diabetic rats After 1 wk of diabetes, four rates 
25 were treated with insulin for an additional week Blood glucose level was normalized from 
24.7 to 4.8 mM (P<0.0\) The Northern blot analysis shown in Figure 5, demonstrated that 
cardiac expression of DHl in rats diabetic for 2 wk increased to 680% of control levels, 
consistent wnb earlier data, whereas insulin treatment normalized the expression of the DHl 
to 169% (134-214% F<0.00\ vs 2-wk diabetic rats) of control levels 
30 Tissue distribution of DHL Figure 6 {A) shows a representative Northern blot analysis of 
DHl expression using total cellular RNA isolated from tissues of control and diabetic rats 
Relative signal intensity was calculated using the 36B4 signal for normalization and is 
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shown in Figure 6 (£/ In normal rats, DH1 transcripts were relatively high in the brain, 
kidney and liver and low in the bean, aorta, lungs, and skeletal (soleus) muscle A 
significant and cardiac specific increase (6 8-fold) in the expression of DH1 mRNA was 
observed in diabetic animals 
5 The expression of DHl in cultured cells. Cultured cardiomyocytes were measured to 
determine whether they could be the source of the increased expression of DH 1 . As shown 
in Figure 7 (A,) DHl hybridizing signals were detected by Northern Wot analysis of cultured 
cardiomyocytes at the same mobility as the mRNA from heart tissue (5.0 kb). However, 
DHl expression was not detectable in fibroblasts cultured from rat heart or rat aortic smooth 
10 muscle cells even when using 25 of total cellular RNA Furthermore, in cardiomyocytes, 
cultures elevating media glucose concentration from 5 5 to 22 raM increased the expression 
of the DHl by 78% (54-106%, P<0 05) while insulin (!0' 7 M) decreased the expression by 
53% (40-62%, P<0 .05) of control levels as shown in Figure 7 (Bj 

Core 2 GlcNAc-T activity in cells transiently transfected with DHl Although Cos 7 cells 
15 lipofected with pcDNAI/amp showed significant endogenous core 2 GlcNAc-T activity of 
1 .71+0 27 nmol/mg per h (*=3), cells transfected with the expression vector containing a 
full-length cDNA for DHl in correct orientation had 3 85+1 6 nmol/mg per h (P<0 05, 
#r=3). The assay is specific for core 2 GlcNAc-T, as confirmed by analysis of the reaction 
product Gal01-3[GlcNAcDl^]-GaINAc— pNp by 1 H-NMR (Nuclear Magnetic Resonance) 
20 and HPLC which had been reported in previous studies (28) Therefore, DH- 1 encodes an 
enzymatically active core- 2 GIcNAc-T. 

GlcNAc-T activity in heart. With the identification of DHl being an enzyme involved in 
mediating the biosynthesis of 0-linked sugar chains, the specificity of the diabetes effect 
was tested by measuring the activities of core 2 GlcNAc-T (which branches maturing 0- 

25 linked sugar chains) and two other GlcNAc transferases (which are specific for branching 
//-linked sugar chains) in the hearts of control and diabetic rats (Figure 8). Core 2 
GlcNAc- T activity increased significantly and specifically in diabetic hearts by 82% of 
control (0.39+Q 03 vs 0.71+0. 10 nmol/h per mg protein rr=3 t P<0.05) In contrast, GIcNAc- 
TI and GlcNAc-TV activities were not significantly different between control and diabetes 

30 (GlcNAc-TI l 05±0 1 1 vs 0. 79+0 09 nmob'h per mg protein, GlcNAc-TVO 078+0.024 vs 
0 077+0 023 nmol/h per mg protein). The changes thus seem restricted to O-glycosylation 
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While the present invention has been described with reference to what are presently 
considered to be the preferred examples, it is to be understood that the invention is not 
limited to the disclosed examples. To the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within the spirit and scope of the 
5 appended claims. 

All publications, patents and patent applications are herein incorporated by reference 
in their entirety to the same extent as if each individual publication, patent or patent 
application was specifically and individually indicated to be incorporated by reference in 
its entirety. 
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Wt Claim 

1. A method of preventing or treating cardiomyopathy associated with 

diabetes and hyperglycemia in a subject comprising reducing core 2 GlcNAc-T activity 
Levels of core 2 GlcNAc-T activity may be reduced by administering a substance which 
5 inhibits core 2 GlcNAc-T activity Substances which inhibit core 2 GlcNAc-T activity 
include known inhibitors of core 2 GlcNAc-T activity, inhibitors identified using the 
methods described herein, and antisense sequences of the nucleic acid sequence encoding 
core 2 GlcNAc-T activity. 

10 2. A method for screening for a substance that may be used to prevent or 

treat cardiomyopathy associated with diabetes and hyperglycemia comprising reacting core 

2 GlcNAc-T with an acceptor substrate and a sugar nucleotide donor in the presence of a 
substance suspected of inhibiting core 2 GlcNAc-T, under conditions whereby the core 2 
GlcNAc-T produces a reaction product, determining the amount of reaction product, and 

15 comparing the amount of reaction product to an amount obtained for a control in the 
absence of the substance, wherein lower amounts of reaction product with the substance 
indicate that the substance inhibits core 2 GlcNAc-T 

3 A transgenic non-human animal all of whose germ cells and somatic 
20 cells contain a DNA construct introduced into the animal, or an ancestor of the animal at an 

embryonic stage, the DNA construct when incorporated into the germ line of the animal 
being adapted to develop cardiomyopathy similar to that associated with diabetes mellitus 
and hyperglycemia 
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Figmrt I. Differencial 
mRNA display M > and 
Northern bkx aoalyiu ( 5 
and C) of the differen- 
tially expressed cDNA 
fragments. CarKbdrtr 
cDNA signals which 
demonstrate altered ex 
pr-suor* by differential 
mRNA are marked by ar- 
rowhead* is (41. '0> 
Nonhem Mot analysis 
uuft|{ n P)dATP labeled 
cDNA probes derived 
from reampJiftcatioa of 
molecules marked by ar- 
rowheads io (A ) 

Samples represent 23 *f per lane of total cellular RNA isolated from 
bean ventricles and aorta of either control ft?> or diabetic (O) rats. 
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ftgur* 2- QuAAliUUOA Of 

changes induced by di* 
bem is mRNA level for 
DHI tnd clone 13 tit 
bean and aortt i* *ho*n 
Data are eiprewed t» 
prrccnttfe of control 
OoMdcifck represents 
Oat 2-wt diabetes and 
open Ofcte represents l- 
wfc diabetes Each potm 
represents dw change in 
Northern Moi aaatyw 
ttiifif 30- 25 m| total eel- 
Mar UNA 3buincd from 
<*ffcrr*J animals * F 
< 0001. * • < 005 
eattipared «u» coaool. 
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FIGURE 4 



NOD Mouse 
Heart 
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DH1 



Figure 4 Northern blot 
analysts of DHl was per- 
formed usiflf 25 iota] 
cellular RNA isolated 
from age -matched NOD 
cooerol mice * C ) and di- 
abetic NOD truce iD) 
The same bloc »as re- 
probed widi 36B4 cDNA 
as a loading control 
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FIGURE 5 



SO Rat Heart 
C EM D 




Figure 5. Effect of insu- 
lin treatment on DH1 ex- 
pression in rat hearts is 
ibown. The arrow rodi- 
DH 1 catesrheDHl signaltn 
Northern blot analysis 
using 25 pg local cellular 
RNA isolated from heart 
of cottrol m (C) and 2- 
wt diabetic rat without 
insulin treatment (D) or 
with insulin treatment for 
\mt(D + t) The same 
blot was re probed with 
36B4 cDNA as a leading 
control. 
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FIGURE 9 

LOCUS HUHClCm 2204 bp UNA PRI 10-APR-1996 

DEFINITION Homo sapiens core 2 beta- 1 f 6-N~acetylglucosam±nyl transferase (core 

2 GnT) gene, complete cds. 
ACCESSION L4141S 
NID gB86272 

KEYWORDS beta* 1 , 6-N-acetylglucosaminyltrans f erase . 
SOURCE human. 

ORGANISM Homo sapiens 

Eufcaryotae; mitochondrial eukaryotes; Ketazoa; Chordata; 
Vertebrate; Eutheria; Primates; Catar rhini ; Hominidae; Homo. 
REFERENCE 1 (bases X to 2204) 

AUTHORS Bierhuixen.K.F. , Maetmira,K., Kudo , S . and Fukuda,M. 
TITLE Genomic organization of core 2 and I branching 

beta-1 , 6-N-acetylglucosaminyltransf erases . Implication for 
evolution of the beta- 1 , 6-N-acetylglucosaminyl transferase gene 
family 

JOURNAL Glycobiology 5 (4), 417-425 (1995) 
MEDLINE 96078409 
FEATURES Location/Qualifiers 
source 1..2204 

/organism* "Homo sapiens" 

/note-" (ve-^r lambda EMBL3 ) " 

/map* 'chromosome 9* 

/ tissue_type* 'placenta ■ 
intron <1..100 

/number*! 
exon 101.. 2204 

/number "2 

/codon_a t ar t * 1 
.CDS 244.. 1530 

/gene* "core 2 GnT* 

/EC_*umber * • 2 . 4 . 1 . 1 02 • 

/note* "core 2 - 

/codon_start*l 

/product* "beta-1 , 6-N-acetylgl ucosaminyl trans f erase " 
/db_*ref-"FID:g886273 - 

/ translation- •MUmXRRRI^SYPTlCrTilfvTV^ 
HLELAGQiPSSDIl*CriCVU>3D^^ 

FIKRRK^IVEPLSKEEAEFPIAYSrVVHHKIEKIJDRIXRAT^ 

SYXAAVHGIASCFSNVFVASRLESVVYASWSRVQADL^^ 

HDPPIKTOLEIVRKLKLIJ*3E>INLETERMPSTO 

PLETPLP SGSAYFWSREYVGxVWJNEKI QKLMEWAQDTYS PDEYLUATX QRI PEVPG 
S 1^ ASHJCYDLSI&4QA VARFVK1#Q YFEGWS KGAPYP PCDGVHVRSVC I FGAGDLNWML 
RJOWIJ'AiOUTVrVDU'AIQCIJJE^^ - 

BASE COUNT 641 a 414 c 496 g 651 t 

ORIGIN 

1 gatttattgt gaaaaactct ctctctctct ctctctctgt atatatatat atatatatat 
61 atatatttat ttatatttat aattgcttct tttatttcag tgctgctctt catttcaaga 
121 tgccgttgca gctctgataa atgcaaactg acaaccttca aggccacgac ggagggaaaa 
1B1 tcattggtgc ttggagcata gaagactgcc cttcacaaag gaaatccctg attattgttt 
241 gaaatgctga ggacgttgct gcgaaggaga cttttttctt atcccaccaa atactacttt 
301 atggttcttg ttttatccct aatcaccttc tccgttttaa ggettcatca eaagcctgea 
361 tttgtaagtg tcagacactt ggagcttgct ggggagaatc ctagtagtga tattaattgc 
421 accaaagttt tacagggtga tgtaaatgaa atccaaaagg taaagcttga gatcctaa^a 
481 gtgaaattta aaaagcgccc tcggtggaca cctgacgact atataaacat gaccagtgac 
541 tgttcttctt tcatcaagag acgcaaatat attgtagaac cccttagtaa agaagaggcg 
601 gagtttccaa tagcatattc tatagtggtt catcacaaga ttgaaatgct tgacaggctg 
661 ctgagggcca tctatatgcc tcagaatttc tattgcgttc atgtggacac aaa tccgag 
721 gattcctatt tagctgcagt gatgggcatc gcttcctgtt ttagtaatgt ctttgtggcc 
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761 agccgattgg agagtgtggt ttatgcatcg 
841 atgaaggatc tctatgcaat gagtgcaaac 
901 gattttccca ttaaaaccaa cctagaaatt 
961 aacaacctgg aaacggagag gatgccatcc 
1021 gaggtcgtta atggaaagct gacaaacaca 
10B1 acacctctct tttctggcag tgcctacttc 
1141 ctacagaatg aaaaaatcca aaagttgatg 
1201 gagtatctct gggccaccat ccaaaggatt 
1261 cataagtatg atctatctga catgcaagca 
1321 gagggtgatg tttccaaggg tgctccctac 
1381 gtgtgcattt tcggagctgg tgacttgaac 
1441 aataagtttg acgtggatgt tgacctcttt 
1501 cacaaagctt tggagacatt aaaacactga 
1S61 aggatacaca aaacgtaccc ttatctgttt 
1621 atgaagtcct ctttggggca gggactctag 
1661 ttctgcagag cacagttagc tagaaaggtg 
1741 gtgggaggag taaaggtagc cttgaggcca 
1801 ggaccagggt ggctggggaa gaggccgatg 
1861 gacttagcaa aatgagaaga tgtgacctgt 
1921 accatttttc tggtatgaat aaacctacag 
1981 atattatatt tgttgaaata gaaatttgat 
2041 atattctgct ctaatactgt actgtgtagt 
2101 aaatgggctt gatttaacat tgtttttgtg 
2161 tcaacaacca aaaaatgaca atttctagtt 



9 (cont'd) 

tggagccggg ttcaggccga cctcaactgc 

tggaagtact tgataaatct ttgtggtatg 

gtcaggaagc tcaagttgtt aatgggagaa 

cataaagaag aaaggtggaa gaagcggtat 

gggactgtca aaatgcttcc tccactcgaa 

gtggtcagta gggagtatgt ggggtatgta 

gagtgggcac aagacacata cagccctgat 

cctgaagtcc cgggctcact ccctgccagc 

gttgccaggt ttgtcaagtg gcagtacttt 

ccgccctgcg atggagtcca tgtgcgctca 

tggatgctgc gcaaacacca cttgtttgcc 

gccatccagt gtttggatga gcatttgaga 

ccattacggg caattttatg aacaagaaga 

ccccttcctt gtcagcatcg ggaagatggt 

tagatcttct tgtcagagaa gctgcatggt 

atagcattaa atgttcatct agagttaata 

gagcaggtag caaggcattg tggaaagagg 

cataaagtca gcctgttcaa agtgctcagg 

gccaaaacta ttttgagaat tttaaatgtg 

caacaaataa tcaaagatac aattaatctg 
tgtactataa atgatttttg taaataattt 
gtgtctccgt atgtcatctc agggagctta 
ttatttttgc ttgaaacaac gcacacattt 
tagttaattt ctac 
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